1 Abstract-Object orientation tracking in local reference frame can serve as a useful tool in fields such as surface shape recognition. Often measurement methods provide incomplete data about object orientation. In this paper a method is proposed for selection of surface segment direction when only inclination levels of each segment are known. Method is applicable in cases when some additional constraints can be applied to the surface, such as limited flexion and segment layout. During surface model approximation a specially adapted exhaustive search algorithm is used to find the most appropriate segment direction angle to satisfy physical constraints of the surface. This method proved to significantly increase approximation precision of non-trivial surfaces.
I. INTRODUCTION
Object orientation tracking is used in a wide variety of applications covering such fields as robotics, health care, entertainment and many others. One of the fields benefiting from this kind of technology is human posture monitoring.
Depending on the usage requirements object orientation tracking can be done either with external or internal tracking technologies and either within global reference frame or local reference frame.
External tracking technologies (e.g. video analysis [1] , [2] ) allow the tracked object itself to be very simple and low cost, but they require complicated infrastructure in all locations where these technologies might be used. In contrast, internal tracking technologies (e.g. inertial positioning systems [3] , [4] ) can be used anywhere, but require complex sensor systems mounted on the object itself, introducing such problems as involved data acquisition and processing as well as limited battery life for mobile use.
The different reference frames used by the tracking systems depend on the final application of the data. Global reference frame is needed, if object location must be determined relative to other objects. This approach provides more data, but requires external reference system with which the tracking system needs to communicate in order to Manuscript locate itself (e.g. GPS satellites). On the other hand, some applications, such as posture monitoring, only require the use of local reference frame, in order to determine internal position states of the system. This approach does not require external technical support and is more suitable for mobile wearable applications.
A method using 3-axis accelerometer network for surface shape detection was proposed in [5] . This method is suitable for use in wearable shape recognizing fabrics applicable for human posture monitoring and treatment of spinal deformities via biofeedback. Surface shape is approximated from data obtained from an accelerometer network arranged in a regular grid formation. This approach contains only one type of small, low cost sensors reducing data fusion complexity and forming a scalable system suitable for integration in clothing. This is beneficial compared to other methods [6] - [9] using smaller amount or more complicated sensors.
In [5] accelerometers are used as inclination sensors allowing to obtain orientation of corresponding surface segments relative to gravity reference frame [10] . One plane (x, y) of this reference frame is perpendicular to gravity vector, but the direction around vertical (z) axis is not fixed. Because of this each sensor orientation around z-axis is unknown and is assumed to be a fixed value when surface model is constructed. This simplification allows basic shape approximation, but can introduce significant errors with more complicated surface shapes. This can be seen in Fig. 1 where method is used for human back model reconstruction. In positions with severe slouching, distances d1 and d2 are significantly different in reconstruction, although they are approximately equal in real life. In this paper a method is proposed for minimization of segmented surface approximation error by selection of zaxis rotation angle for each segment if only inclination of each segment is known. The method itself is described in Section II followed by experimental evaluation set up in Section III and giving results in Section IV.
II. METHOD

A. Surface Parameters
A surface consisting of I segments arranged in a × grid formation is assumed. This surface is continuous and bendable. It contains equal size segments arranged in an evenly spaced grid formation. The distance between segment rows and columns is denoted by d. Each segment in our model is represented as a cross-shaped object defined by The actual segment z-axis rotation angle and actual segment centre vector will be calculated by applying the method described below.
B. Optimization Algorithm
The optimization method itself is based on a simple exhaustive search over all the possible rotation angles around z-axis for each of the segments. The structure of the algorithm is shown in Fig. 3 .
The regular grid is divided into ( − 1) × ( − 1) subproblems hereinafter referred to as work-sets. Each of these work-sets consist of four segments A1, A2, A3, A4 which are connected in such a way, that without any initial rotation they would form a square as seen in Fig. 4 . Each of the segments is represented in work-sets at least once.
For the requirements of the algorithm a segment is considered processed when corresponding and have been found. Initially for one of the segments these values are manually defined to serve as a placement reference for the rest of the model.
The algorithm consists of these main steps: 1. Every work-set in the system is handled one at the time.
The order of work-set selection is previously defined in such a way that every handled work-set contains at least one previously processed segment. 
C. Evaluation Criteria Selection
To evaluate which of the combinations of possible z-axis rotation angles will improve the precision of the reconstructed model the most, constraints from the surface definition are applied during approximated model construction.
The surface is defined as continuous, and because of that the corresponding sides of the segments should be joined together. Ideally there should be such a combination of rotations for each segment, such that all the segments can be connected as shown in Fig. 3 and their corresponding direction vector end points would coincide. Unfortunately this is not true because of the simplified grid model; however the algorithm looks for the closest solution to ideal model, by introducing a continuity criterion working as follows:  Within a work-set three of four pairs of segments are assumed to be jointed in "U" shaped pattern (A4 to A1, A1 to A2 and A2 to A3). (1)
 Then for this combination distance ∆ is calculated
 ∆ represents the matching error between segments so the combination with the lowest ∆ is considered the best. After applying continuity criterion still several valid solutions are possible because:  Cases are possible with infinite number of solutions, for example, when two of the connection points between segments are both on a line parallel to z-axis;  angles are changed by discrete step. Because of that continuity criterion must be loosened by stating that all combinations with ∆ that differ from the best ∆ by an experimentally determined step are also considered as possible candidates for best solution. Another criterion must be introduced to select the most probable continuous surface configuration of the possible candidates. It is assumed, that the starting configuration of the surface is a flat surface and all deformations require additional energy. For the purposes of this paper it is assumed that states which require less energy are more probable than those requiring more energy. Basically it means that the algorithm prefers flatter surfaces. This is provided by the second -flatness criterion, working as follows:  For all the solution candidates after continuity criterion is applied the distance between segment centres is calculated as
 The solution with the largest F is selected as the most flat of all solution candidates. These two criteria are sufficient to select the preferred solution. 
III. EXPERIMENTAL SETUP AND RESULTS
The algorithm proposed in this paper was tested on a prototype accelerometer network consisting of I=16 (n=4, m=4) sensor nodes and distance between sensors d=80 mm. This network is fixed to an elastic wearable harness in an evenly spaced grid formation as described in [5] .
Values ⃗⃗⃗ , ⃗⃗⃗ , ⃗⃗⃗ , ⃗⃗⃗⃗ for each of ∈ [1. .16] segments are calculated using quaternion method described in [5] . Segments are rotated to their corresponding sensor orientation according to their inclination measurement data.
Physical system introduces other reasons for selection of , such as sensor production and mounting errors. This value was experimentally selected as = 0.5 mm.
To quantify the results acquired from experimental setup a curved sample surface was selected. The shape of selected sample surface is a conical frustum with base radius of 273 mm, top radius of 236 mm and height of 333 mm. Sensor network was attached to this sample surface ( Fig. 5(a) ) and the surface was placed 18° relative to ground.
In this setup surface was reconstructed from sensor data and compared to theoretical surface model. This comparison is described with average error value ∆ calculated from reconstructed segment centre values and theoretical segment centre values ′ for all of = 16 segments as
Before using the corrected rotation values provided by this algorithm average error between reconstructed surface and theoretical surface was ∆ = 79
( Fig. 5(b) ). After the proposed method was used this average error was reduced to ∆ = 12 (Fig. 5(c) ) resulting in approximately 85 % error reduction in surface reconstruction.
These calculations with a 10° step for angle values within range of ∈ [−90°. . 90°] took approximately 1 second on a modern personal computer.
IV. CONCLUSIONS
The method proposed in this paper provides an algorithm for surface reconstruction from discrete inclination values. The use of segment grid pattern and constraints of physical surface can provide additional data that cannot be obtained directly from sensor measurements alone, such as segment direction angle around vertical axis. This makes it practical for use in scenarios where physical constraints such as continuity are applicable, for example in human posture monitoring where sensors can be attached to the surface of clothing.
This method provided measurable increase in surface shape reconstruction precision compared to the previously described method in [5] . Even though, as is, the method requires too much computational power to be practical for real-time applications, it has aspects which can be adjusted to reduce the calculation time depending on the requirements of specific case. The size of the set of possible angle values can be reduced either by increasing the discrete step or by reducing the minimum and maximum angle boundaries, noticeably reducing algorithm execution time.
The precision of this method can be additionally adjusted by determining the best coefficient and by selecting work-set order in such way that is most suitable for the specific scenario. Future work is required to determine more general rules for selecting these parameters. Additionally the algorithm itself could potentially be improved for precision and performance. More realistic and smoother surface reconstruction models could be achieved by applying data interpolation methods.
